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E-mail address: k.petrova@mx.uni-saarland.de (K.This study investigated whether low-level attentional processes as indicated by saccade trajectories are
modulated by higher-order factors as indicated by participants’ cultural background. We hypothesized
that if the East Asian participants engage in context-dependent attentional processing to a greater extent
than the Western participants, then the magnitude of the distractor effect on saccade trajectories (Doyle
& Walker, 2001) should be larger with the East Asian participants than with the Western participants.
Participants executed vertical saccades towards targets presented on the vertical meridian above or
below ﬁxation. Simultaneously with the target, a distractor appeared in one of the screen quadrants.
Consistently with our hypothesis, we found evidence that the saccades of the Chinese participants
tended to curve away from the distractors more strongly than the saccades of the German participants.
However, this effect was restricted to the upper distractors and the lower targets. The ﬁndings are dis-
cussed in terms of cross-cultural differences in distractor-related activation and inhibition and functional
specialization of hemiﬁelds.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
A growing body of studies from the last decade has shown that
saccade trajectories curve away from a task-irrelevant distractor
(e.g., Doyle & Walker, 2001; Godijn & Theeuwes, 2002; McSorley,
Haggard, & Walker, 2004; for a review, see Van der Stigchel,
2010; Van der Stigchel, Meeter, & Theeuwes, 2006). Although this
curvature away effect appears at ﬁrst sight counterintuitive, it can
be plausibly explained in terms of inhibition processes (e.g., Tipper,
Howard, & Houghton, 2000). It is assumed that in order for an eye
movement to be executed to a certain location in space, the neu-
rons on the oculomotor map that code the direction and the ampli-
tude of the eye movement must be sufﬁciently activated. Crucially,
the neuron population that codes for the eye movement towards
the distractor stimulus gets also activated with the distractor on-
set. In order for the eye movement to be executed to the target
rather than the distractor, an inhibition mechanism is postulated
that operates on the neuron population that codes the eye move-
ment towards the distractor. Since some neurons code both the
eye movement towards the target and the eye movement towardsll rights reserved.
ted by the German Research
Chinese Ministry of Science
chology, Saarland University,
Petrova).the distractor (due to the distributed nature of neurons), the eye
movement eventually curves away from the distractor on its way
to the target. Most importantly, saccade curvatures can be consid-
ered as a highly sensitive measure of very early attentional pro-
cesses towards the distractor (e.g., Theeuwes & Van der Stigchel,
2009; Van der Stigchel & Theeuwes, 2007).
Surprisingly, still little is known to what extent higher-order
factors inﬂuence saccade trajectories. Recent studies showed that
the emotional content of the distractor affects the magnitude of
the trajectory away effect (Nummenmaa, Hyönä, & Calvo, 2009;
Petrova & Wentura, 2012; Schmidt, Belopolsky, & Theeuwes,
2012; Weaver, Lauwereyns, & Theeuwes, 2011), suggesting that
saccade trajectories can be indeed modulated by higher-level fac-
tors. The evidence for higher-order effects on saccade trajectories
is however still very sparse. In the present study, we investigated
the inﬂuence of a further higher-order factor, which to our knowl-
edge no previous study on saccade trajectories has addressed so
far, namely culture.
The idea that participants’ cultural background inﬂuences
attentional processing is not new. Westerners have been argued
to process visual information in analytic fashion, focusing on sali-
ent objects independently of the context in which they appear,
whereas East Asians have been assumed to process visual informa-
tion in holistic fashion, attending to the entire visual ﬁeld and the
context in which the objects appear (e.g., Nisbett et al., 2001; for a
review, see Nisbett & Miyamoto, 2005). Evidence for this account
44 K. Petrova et al. / Vision Research 84 (2013) 43–49came from a number of studies on various tasks. For example,
Masuda and Nisbett (2001) found that East Asian participants
made more statements about the context (i.e., the background)
and the relationships between the various objects depicted on an
underwater scene than Western participants. Moreover, East Asian
participants recognized the old objects more accurately when the
objects were presented in their original context than when they
were presented in a novel context. In another study, Masuda and
Nisbett (2006) found that Western participants were more sensi-
tive to changes in focal objects than to changes in the periphery
or context, whereas East Asian participants were more sensitive
to contextual changes than to focal object changes. Further support
for the cross-cultural variability of attentional processing came
from a study by Kitayama et al. (2003), in which participants were
presented with a vertical line in a square frame followed by an-
other square frame of the same or different size. Participants’ task
was to draw a line that had the same absolute or relative length as
the previous line. Kitayama et al. found that East Asian participants
were more accurate in the relative task than in the absolute task,
whereas Western participants showed the opposite pattern (but
see Zhou et al., 2008). In a more recent study, McKone et al.
(2010) investigated the effect of culture on local and global distri-
bution of attention using Navon ﬁgures (e.g., a large E made up of
small Vs) and found a strong global advantage with East Asian par-
ticipants, who detected the target letter faster when it appeared at
the global level than when it appeared at the local level. Given this
line of evidence it seems therefore that participants’ cultural back-
ground indeed affects cognitive processing, with East Asians
engaging mainly in holistic processing and Westerners engaging
mainly in analytic processing.
It should be noted that the studies reviewed above measured
attentional processing on rather coarse-grained time scales. Thus,
any interpretation of the results from the above studies in terms
of early attentional processing should be made only with caution.
As a step towards a more valid measurement of early attentional
processing, several recent studies investigated the inﬂuence of cul-
tural background by means of eye movement recording. For exam-
ple, Chua, Boland, and Nisbett (2005) let participants view
photographs with a focal object on a complex background for 3 s
and rate how much they liked each picture. The authors found cul-
tural differences in the eye movement pattern. The American par-
ticipants ﬁxated the focal objects more quickly and longer than did
the Chinese participants, whereas the Chinese participants spent
more time on the background than did the American participants.
However, Evans et al. (2009) could not replicate this result despite
using the same stimuli and the same encoding task (i.e., rating; see
also Rayner, Castelhano, & Yang, 2009; Rayner et al., 2007). Thus, so
far there is no unequivocal evidence for cultural differences in
early attentional processes as revealed by eye movement
parameters.
In the present study, we want to tackle the question of cultural
differences in early attentional processes by means of the trajec-
tory paradigm (see above). The task we employed involved partic-
ipants making vertical saccades towards a target rhombus that
appeared at the vertical meridian above or below ﬁxation. In most
trials, simultaneously with the target a distractor ellipse appeared
in one of the four quadrants of the screen (e.g., Doyle & Walker,
2001). We were particularly interested in whether the saccade cur-
vature effect typically observed in this task is modulated by the
participants’ cultural background (East Asian vs. Western). In a
rough sense, this hypothesis was stimulated by the research on
cultural differences reported above. In a more ﬁne-grained discus-
sion, one might argue that the so-called attentional window size
(see Belopolsky & Theeuwes, 2010; Belopolsky et al., 2007) is
habitually modulated by participants’ cultural background. For
example, Belopolsky et al. found that a large attentional windowleads to frequent orienting to distractors. Belopolsky and Theeu-
wes (2010) found that in the additional-singleton paradigm the
(often replicated) distracting inﬂuence of a task-irrelevant colour
singleton in a ring-like visual search array was abolished when
attention was sharply focused on the centre of the screen (by
means of a demanding secondary task).
Thus, in these terms we hypothesized that the attentional win-
dow is habitually different for participants with East Asian cultural
background and participants with Western cultural background. In
particular, we hypothesized that if East Asian participants have lar-
ger (or more diffuse) attentional window than do Western partic-
ipants, then we should observe stronger distractor effect in the
trajectory-based paradigm (i.e., stronger attentional capture by
the task-irrelevant distractor) with Chinese participants than with
German participants. Compared to the eye movement measures
previously used in the literature on cultural inﬂuences (i.e., num-
ber of ﬁxations, ﬁxation duration), saccade trajectories are an ear-
lier measure of attentional processing. Therefore, ﬁnding a cross-
cultural difference in saccade trajectories would suggest that high-
er-level factors can affect attentional processing already at a very
early stage.
Prior studies demonstrated visual hemiﬁeld asymmetries in the
distractor effect on saccade trajectories (e.g., Petrova & Wentura,
2012), which has been attributed to possible differences in the
functional specialization of the upper and lower hemiﬁeld (e.g.,
Previc, 1990, 1998). According to Previc (1990), namely, the upper
visual hemiﬁeld is functionally specialized for far vision and visual
search/perception, whereas the lower visual ﬁeld is specialized for
action in peripersonal space and near vision. Given this body of lit-
erature, we were therefore open to ﬁnd a culture effect on saccade
trajectories to be restricted to one hemiﬁeld.
Compared to the stimulus material used in the previous studies
on culture and eye movement behaviour (i.e., natural colour scenes
consisting of one focal object presented on a background), our
stimuli were two simple geometrical shapes depicted in the same
colour (i.e., a target rhombus and a distractor ellipse). Although
natural scenes are ecologically more valid, they are more difﬁcult
to control for differences in low-level perceptual features. More-
over, natural scenes are more prone to confounds due to possible
cultural differences in colour perception (see, e.g., Elliot & Maier,
2012). Therefore, the use of simple stimuli allows to more validly
attribute any effects to cultural differences in attentional process-
ing. Finally, the task we used involved participants making sac-
cades as fast and accurately as possible. Compared to the tasks
previously used in the literature on culture (e.g., free viewing for
3 s while giving a rating how much the participants liked the pic-
ture), our task offers the advantage that only very fast processes
are measured, discouraging the adoption of strategies.2. Overview
We compared trajectory curvatures between Chinese and Ger-
man students. Note that we had the opportunity to test both sam-
ples in their culture of origin under maximally comparable
conditions. We used the same type of eye-tracking equipment.
Moreover, data collection was under the control of the ﬁrst author
at both locations (see Section 3 for more details). As a result, we
gained a unique data set with data which is highly comparable in
quality in both culture groups.
The major dependent variable of interest is the trajectory curva-
ture. Note, however, that the curvature effect is closely related to
the saccade latencies, with the trajectories curving less strongly
away with decreasing latencies (e.g., McSorley, Haggard, & Walker,
2006). For this reason, we also report the saccade latency analyses.
1500 ms
K. Petrova et al. / Vision Research 84 (2013) 43–49 453. Method
3.1. Participants
Twenty-six German non-psychology students of Saarland Uni-
versity (13 female, median age 23.5 years, ranging from 18 to
30 years) and 23 Chinese non-psychology students of China Wo-
men’s University (Beijing) and China University of Mining and
Technology (Beijing; 13 female, median age 22 years, ranging from
19 to 29 years) participated in the experiment. Three further Chi-
nese participants had to be excluded due to partial occlusion of
the pupil by the lid, which resulted in poor data quality.1 All partic-
ipants reported having normal or corrected-to-normal vision. The
German students participated in an eye-tracking lab on the campus
of Saarland University (Saarbrücken, Germany) and were paid 6 €.
The Chinese students participated in an eye-tracking lab in the Insti-
tute of Psychology of the Chinese Academy of Sciences (Beijing, Chi-
na) and were paid 30 ¥ (approx. 4 €). The payment was the usual
compensation for participation in both countries.
3.2. Apparatus and material
The eye-tracking equipment was identical in the two labs. Eye
movements were recorded using a video-based column eye tracker
(iViewX Hi-Speed, SensoMotoric Instruments) with a temporal res-
olution of 500 Hz and a spatial resolution of 0.01. A chin rest was
used to minimize head movements and to maintain the viewing
distance at 64 cm. A forehead rest was used to allow participants
to keep their head parallel to the display. This ensured that the
stimuli subtended the same visual angle independent of the visual
hemiﬁeld in which they appeared. Data were recorded from the
dominant eye. The stimuli were presented on a black background.
The ﬁxation cross was a white cross subtending a visual angle of
1.79  1.79. The target was a grey diamond subtending a visual
angle of 2.24  2.24, which appeared 10.27 above or below ﬁx-
ation. The distractor was a grey ellipse subtending a visual angle of
1.52  2.42, which appeared in the upper-left, upper-right, low-
er-left, and lower-right part of the screen (at a vertical distance
of 3.58 between the ﬁxation cross and the innermost edge of
the ellipse, and a horizontal distance of 5.81 between the ﬁxation
cross and the innermost edge of the ellipse). The stimuli were pre-
sented on a 21-in. ﬂat colour monitor with a refresh rate of 75 Hz
and a resolution of 1024  768 pixels.
3.3. Design
The design comprised one between-subject factor (culture) and
three within-subject factors, namely target location (upper vs. low-
er), vertical distractor location (upper vs. lower), and horizontal
distractor location (left vs. right). In addition, two no-distractor
conditions (target upper vs. target lower) were included, which
served as a baseline. Each participant completed a total of 400 tri-
als (40 trials per distractor condition and 40 trials per no-distractor
condition).
3.4. Procedure
Participants were tested in individual experimental sessions.
The experimenter in China was the ﬁrst author and the experi-1 The German sample, which was almost matched in age and gender to the Chinese
sample, was recruited before it turned out that the data of three Chinese participants
had to be discarded. However, since there was no one-to-one mapping of participants
due to several age categories having multiple entries, we refrained from discarding
three participants from the German sample. Importantly, analyses with gender and
age as covariates did not essentially change the results.menter in Germany was a German student research assistant
who had worked in close collaboration with the ﬁrst author in
numerous other experiments on eye movements (e.g., Petrova &
Wentura, 2012). Individual eye-tracker adjustments were per-
formed followed by a 13-point calibration. Subsequently, the
instructions were given on the display. There were 10 practice tri-
als and 6 buffer trials. Participants could take an unlimited number
of breaks. The experimental session lasted approximately 45 min.
Each trial began with a central ﬁxation cross which remained on
the screen until the experimenter pressed the space bar (see Fig. 1
for an illustration of the trial sequence). The experimenter carried
the trial on if participants ﬁxated the ﬁxation cross. If participants’
gaze did not land on the ﬁxation cross due to impairment in track-
ing accuracy (e.g., due to a change in body or head posture), a recal-
ibration was performed. Subsequently, the target rhombus and
distractor ellipse appeared simultaneously and remained on the
screen for 1500 ms. The target display was followed by an inter-
stimulus interval of 500 ms, after which the next trial started. Par-
ticipants were instructed to look at the target as quickly and accu-
rately as possible and to maintain their gaze on the target as long
as it remained on the display. Participants were told that in most
trials a distractor ellipse would appear at one of the intercardinal
points of the display, simultaneously with the target. Participants
were told that this ellipse was totally irrelevant for their task
and therefore was to be ignored.3.5. Data analysis
The SMI software BeGaze identiﬁed saccade start and end
points using a 40/s velocity criterion. Saccade latency, direction,
and amplitude were derived from the eye movement records for
the ﬁrst saccade in each trial. Saccades were excluded from further
analysis if (1) the gaze deviated more than 1.93 from the display
centre at the time of target onset, (2) the latency was less than
80 ms, (3) the saccade was not directed to the correct target loca-
tion, or (4) the amplitude was less than 6 or greater than 16.
After saccades had been identiﬁed, the curvature measure was
computed using MATLAB. The quadratic coefﬁcient of the sec-Fig. 1. An illustration of the trial sequence. The target (grey rhombus) appeared
above or below the ﬁxation cross; the distractor (grey ellipse) appeared in the
upper-left, upper-right, lower-left, or lower-right quadrant of the display. The red
line depicts a sample saccade trajectory of one Chinese participant in the distractor
condition and the green line depicts a sample saccade trajectory of the same
participant in the corresponding no-distractor condition.
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used as a measure of curvature (Ludwig & Gilchrist, 2002). Since
saccade trajectories are highly idiosyncratic and never completely
straight, curvature scores were calculated by subtracting the qua-
dratic curvature observed in the no-distractor conditions from
the quadratic curvature observed in the distractor conditions.
The baseline curvature for each participant was calculated and
subtracted for each target location separately. Thus, the effect of
distractor on trajectory reported here reﬂects the difference in cur-
vature between the distractor and the corresponding no-distractor
conditions. Trajectories curving towards the distractor were as-
signed positive values, whereas trajectories curving away from
the distractor were assigned negative values. The trajectory curva-
tures are reported in degrees of visual angle.Fig. 2. Mean curvature scores across both target location conditions (i.e., the
difference in saccade curvature relative to the corresponding no-distractor baseline
condition, in degrees; error bars represent the standard error of the mean); positive
values indicate curvature towards the distractor, negative values indicate curvature
away from the distractor.4. Results
The exclusion criteria (see above) led to a mean loss of 18.5% of
the trials in the German sample and 20.0% of the trials in the Chi-
nese sample, t(47) < 1, p = .63.4.1. Saccade curvature
First of all, we tested for differences between the samples in the
no-distractor baseline conditions. There was no signiﬁcant differ-
ence between the two groups in either baseline condition,
t(47) = 1.58, p = .12, for the upper target baseline condition
(M = 0.26, SD = 0.40 vs.M = 0.10, SD = 0.32, for the Chinese and Ger-
man group, respectively), t(47) < 1, p = .88, for the lower target
baseline condition (M = 0.04, SD = 0.33 vs. M = 0.03, SD = 0.35, for
the Chinese and German group, respectively).
As expected, overall the mean curvature score was signiﬁcantly
below zero, t(48) = 7.32, p < .001, indicating that saccades curved
signiﬁcantly away from the distractor (M = 0.07, SD = 0.07),
thereby validating our procedure and presentation parameters.
Preliminary analyses showed that the horizontal distractor loca-
tion did not signiﬁcantly interact with any of the other factors,
all Fs < 2.23. Therefore, to reduce the complexity of the analyses
we collapsed across the horizontal distractor location. Curvature
scores (see Table 1) were submitted to a mixed 2 (culture: Chinese
vs. German)  2 (target location: upper vs. lower)  2 (vertical dis-
tractor location: upper vs. lower) ANOVA. The main effect of target
location was signiﬁcant, F(1,47) = 71.88, p < .001, g2p ¼ :61, indicat-
ing stronger curvature away with downwards than with upwards
saccades (M = 0.14, SD = 0.11 vs. M = 0.01, SD = 0.06). The main
effect of vertical distractor location was signiﬁcant,
F(1,47) = 36.17, p < .001, g2p ¼ :44, indicating stronger curvature
away with upper distractors than with lower distractors
(M = 0.10, SD = 0.08 vs. M = 0.05, SD = 0.08). Given former stud-
ies on saccade trajectories and saccade latencies, both effects were
expected (e.g., Honda & Findlay, 1992; Ludwig & Gilchrist, 2003). In
addition, the curvature away was larger when target and distractor
were further away from each other (i.e., they appeared in the oppo-
site hemiﬁelds) than when they were close to each other (i.e., theyTable 1
Mean curvature scores (i.e., difference in curvature relative to the corresponding no-
distractor baseline condition, in degrees; with standard deviations); positive values
indicate curvature towards the distractor, negative values indicate curvature away
from the distractor; UVF (upper visual ﬁeld), LVF (lower visual ﬁeld).
Culture LVF target UVF target
LVF distractor UVF distractor LVF distractor UVF distractor
China 0.08 (0.13) 0.24 (0.13) 0.01 (0.08) 0.01 (0.09)
Germany 0.08 (0.11) 0.18 (0.12) 0.04 (0.06) 0.02 (0.08)appeared in the same hemiﬁeld; M = 0.12, SD = 0.08 vs.
M = 0.03, SD = 0.09), F(1,47) = 50.07, p < .001, g2p ¼ :52, for the
interaction of target location and vertical distractor location (see,
e.g., McSorley, Cruickshank, & Inman, 2009). Thus, overall basic
ﬁndings of the trajectory literature were replicated in our study,
lending validity to it.
Overall, there was no main effect of culture, F(1,47) < 1, p = .58.
However, the two-way interaction of vertical distractor location
and culture was signiﬁcant, F(1,47) = 8.42, p < .01, g2p ¼ :15 (all
Fs < 1.31, for the remaining effects). For the German group, the
upper distractors produced signiﬁcantly stronger curvature away
than the lower distractors, t(25) = 2.16, p = .04, d = 0.42 (see
Fig. 2). For the Chinese group, however, this difference was largely
increased, t(22) = 6.54, p < .001, d = 1.37. Viewed from a different
perspective, it is evident from Fig. 2 that cultural differences can al-
most exclusively be found for upper distractors. In fact, for the low-
er distractor conditions there was not the slightest difference in the
saccade curvature between the Chinese and the German group,
z < 1, p = .69.2 For the upper distractor conditions, the difference in
the saccade curvature between the Chinese and the German group
just failed to reach signiﬁcance, z = 1.56, p < .06 (one-tailed). Suppos-
edly, this is due to low power of the between-participants compari-
son. Therefore, we conducted an analysis of covariance with culture
as predictor and curvature for lower distractors as a covariate. To
preclude any bias of this test by the minimal numerical difference
in means for lower distractor curvature (see Fig. 2), we centred the
covariate separately for the two groups. Thus, this analysis boosts
power by only reducing somewhat error variance. Crucially, the ef-
fect of culture on upper distractor curvature was signiﬁcant,
F(1,46) = 5.40, p = .03. (With an uncentred covariate, the result is
F(1,46) = 8.22, p = .01.)
Despite the fact that there was no three-way interaction of cul-
ture, target location, and vertical distractor location, a critique
might argue with reference to Table 1 that with upper targets there
is overall no trajectory effect and numerical differences in curva-
ture scores in the 2 (culture)  2 (distractor location) matrix for
upper targets are negligible. Therefore, we restricted the analysis
to the lower target location to see whether the observed pattern
is valid for the lower target location. In fact, we found almost the
same result as in the overall analysis: The two-way interaction of
vertical distractor location and culture just missed the criterion2 Mann–Whitney test (or Wilcoxon rank sum test), which is known for exceeding
the power of a t-test even for slight deviations from normality (see, e.g., Blair &
Higgins, 1980; Keller, 2012).
K. Petrova et al. / Vision Research 84 (2013) 43–49 47of signiﬁcance, F(1,47) = 3.80, p = .057, g2p ¼ :08. Again, we found a
signiﬁcant culture difference for upper distractors in an ANCOVA
with (centred) lower distractor curvature as covariate,
F(1,46) = 4.77, p = .03.4.2. Saccade latency
Note that saccade latencies might vary as a function of target
and distractor location as well (e.g., Honda & Findlay, 1992; Walker
et al., 1997). In addition, the amount of saccade curvature depends
on saccade latency (McSorley, Haggard, & Walker, 2006; Van der
Stigchel, 2010). Thus, although saccade latency is of only minor
interest in the present context, it is important to analyse it as well
in order to explore whether the cultural differences reported above
are reducible to latency differences.
Saccade latencies were signiﬁcantly faster in the no-distractor
baseline conditions than in the distractor conditions,
t(48) = 14.00, p < .001 (M = 243 ms, SD = 52 ms vs. M = 262 ms,
SD = 54 ms; i.e., remote distractor effect; Walker et al., 1997). This
effect was numerically larger in the Chinese group (M = 22 ms,
SD = 10 ms) than in the German group (M = 17 ms, SD = 9 ms); this
difference, however, missed the conventional criterion of signiﬁ-
cance, t(47) = 1.73, p = .09. Saccade latencies from the distractor
conditions (see Table 2) were submitted to a mixed 2 (culture:
Chinese vs. German)  2 (target location: upper vs. lower)  2
(vertical distractor location: upper vs. lower) ANOVA. The main ef-
fect of target location was signiﬁcant, F(1,47) = 84.29, p < .001,
g2p ¼ :64, indicating faster latencies with upwards saccades than
with downward saccades (M = 243 ms, SD = 52 ms vs.
M = 282 ms, SD = 60 ms). The interaction of culture and target loca-
tion missed the conventional level of signiﬁcance, F(1,47) = 2.98,
p = .09, g2p ¼ :06. (If interpreted despite non-signiﬁcance, it indi-
cates that the difference between the downwards and the upwards
saccades was larger in the Chinese group than in the German
group, M = 46 ms, SD = 34 ms vs. M = 31 ms, SD = 25 ms.)Table 2
Mean saccade latencies in the distractor conditions (in ms; with standard deviations);
UVF (upper visual ﬁeld), LVF (lower visual ﬁeld).
Culture LVF target UVF target
LVF distractor UVF distractor LVF distractor UVF distractor
China 279 (61) 300 (63) 247 (39) 239 (40)
Germany 268 (56) 282 (61) 252 (68) 235 (59)
Fig. 3. Mean saccade latencies across both target location conditions (in ms, error
bars represent the standard error of the mean).The main effect of vertical distractor location approached signif-
icance, F(1,47) = 3.56, p = .07, g2p ¼ :07, indicating faster saccade
latencies with lower distractors than with upper distractors
(M = 261 ms, SD = 54 ms vs. M = 264 ms, SD = 54 ms). Correspond-
ing to the trajectory analysis, this main effect was further qualiﬁed
by a signiﬁcant interaction with culture, F(1,47) = 6.96, p = .01,
g2p ¼ :13, indicating that the difference between the upper and
lower distractors was signiﬁcant in the Chinese group but not in
the German group (M = 6 ms, SD = 8 ms, t(22) = 3.72, p = .001, vs.
M = 1 ms, SD = 11 ms, t(25) < 1, p = .63; see Fig. 3). There was no
signiﬁcant difference between the Chinese and the German sample
in either distractor condition; t(47) < 1, p = .51, for the upper dis-
tractors; t(47) < 1, p = .84, for the lower distractors. In correspon-
dence with the trajectory analysis, an analysis of covariance on
the upper distractor latency with culture as predictor and baseline
latency as a covariate revealed a signiﬁcant effect of culture,
F(1,46) = 6.80, p = .01. Also in correspondence with the trajectory
analysis, the interaction of target location and vertical distractor
location was signiﬁcant, F(1,47) = 105.54, p < .001, g2p ¼ :69, indi-
cating faster saccade latencies when the target and the distractor
appeared in the same hemiﬁeld than when they appeared in the
opposite hemiﬁelds (M = 255 ms, SD = 52 ms vs. M = 270 ms,
SD = 56 ms). There were no other signiﬁcant main effects or inter-
actions (all Fs < 1).
To investigate whether the interaction of culture and distractor
location found in the curvature scores was due to the correspond-
ing interaction in the latency differences (i.e., the primary cultural
difference being in the latencies with trajectory differences as a
consequence), we used a multiple regression approach for repeated
measures (Lorch & Myers, 1990). To this end, we conducted indi-
vidual regression analyses with trial as the unit of analysis. Note
that the mean of the individual regression weights in the analysis
in which the curvature scores are regressed solely on the distractor
location corresponds to the mean difference between the upper
and the lower distractors. Thus, the test in which the two culture
groups are compared in their mean regression weights corre-
sponds to the interaction test from the 2 (culture)  2 (vertical dis-
tractor location) ANOVA analysis, as reported above. To test
whether the differences in latencies explain the effect found in
the curvature scores, we regressed the curvature scores on vertical
distractor location and latency. If then the effect of distractor loca-
tion  culture turns out to be non-signiﬁcant, one can legitimately
conclude that saccade latencies drove the effect of distractor loca-
tion on the saccade curvatures. In fact, however, the difference be-
tween the two culture groups in the mean regression weights for
the distractor location remained signiﬁcant, t(47) = 2.28, p = .03
(t(47) < 1, for the latency predictor), suggesting that the interaction
of culture and vertical distractor location found in the saccade cur-
vature was not fully due to latency differences.5. Discussion
The present study aimed to examine whether early attentional
processing as indicated by saccade trajectory curvature is modu-
lated by higher-order factors such as participants’ cultural back-
ground. To this end, we asked Chinese and German participants
to make saccades towards a target stimulus that appeared at the
vertical meridian above or below the ﬁxation cross. In most trials,
simultaneously with the target a distractor stimulus appeared in
one of the screen quadrants. We hypothesized that the high degree
of context-dependent attentional processing typically found with
East Asians is associated with a larger attentional window size
leading to a stronger distractor effect in the trajectory-based para-
digm (i.e., stronger attentional capture by the task-irrelevant dis-
tractor) with Chinese participants than with German participants.
48 K. Petrova et al. / Vision Research 84 (2013) 43–49Overall, we replicated the well-known distractor effect on sac-
cade curvature. Saccades in the present study curved signiﬁcantly
away from the distractors. Most importantly, consistent with our
cross-cultural hypothesis, the two culture groups differed between
each other in the magnitude of the distractor effect on saccade cur-
vature. More speciﬁcally, the Chinese participants showed stronger
curvature away than did the German participants. This effect was
restricted to the upper distractors and the lower targets (although
the three-way interaction was not signiﬁcant). Given that the
strength of curvature away reﬂects the amount of inhibition ap-
plied to the distractor site (e.g., Godijn & Theeuwes, 2002; McSor-
ley, Haggard, & Walker, 2004; Tipper, Howard, & Houghton, 2000)
and that strong initial activation requires strong subsequent inhi-
bition (e.g., Theeuwes & Van der Stigchel, 2009; Van der Stigchel
& Theeuwes, 2007), the present ﬁndings suggest that the initial
distractor activation in the Chinese sample was stronger than the
initial distractor activation in the German sample, therefore requir-
ing stronger inhibition, which resulted in stronger curvature away.
It should be noted that although the interaction effect of dis-
tractor location and culture was clearly signiﬁcant and there was
no difference between both groups in the lower distractor condi-
tion, the difference between both groups in the upper distractor
condition just missed the conventional level of signiﬁcance. The
follow-up analysis of covariance, however, showed a signiﬁcant ef-
fect of culture on the upper distractor curvature, suggesting that
power limitations account for the results in the traditional analysis
of variance. Therefore, it seems legitimate to interpret the cross-
cultural difference found in the upper distractor conditions
(though with somewhat caution).
What is the meaning of the modulation by distractor and target
location? We cannot fully elucidate it, but we can discuss it in two
slightly different ways. First, this result might be attributed to the
special role that the upper visual ﬁeld plays in visual search and
perception (e.g., Previc, 1990, 1998). According to this rationale,
the lower ﬁeld is specialized for action in peripersonal space and
near vision. Given this, one might argue that in the present para-
digm a distractor that appears in the lower visual ﬁeld is not part
of the background but rather part of the focal object area. Second,
as can be seen in Table 1 the effect of culture was almost exclu-
sively driven by trials with an eye movement towards lower tar-
gets (although statistically the three-way interaction of culture,
distractor location, and target location was not signiﬁcant). Note
that we found comparable asymmetries already in former research
(Petrova & Wentura, 2012), where the inﬂuence of emotional dis-
tractors (i.e., stronger curvature effects for angry compared to hap-
py faces) was restricted to lower targets. Thus, the situation in
which participants had to direct their gaze to a lower target while
an upper distractor was present (as depicted in Fig. 1) is the most
relevant one. In this case, the upper distractor might be regarded as
being more clearly far away in the ‘‘background’’ from the nearby
target in the ‘‘foreground’’ if we assume that there is some depth
perception in the setting. Of course, the only (and, admittedly,
weak) depth cue is height in picture plane (see also height in the vi-
sual ﬁeld; Mather, 2006; pp. 272–273), that is, objects that are
higher in the picture plane are seen as more distant (as long as
the viewer assumes – at least implicitly – that the objects lie on
a horizontal plane below eye level; see, e.g., Gardner, Austerweil,
& Palmer, 2010). Besides, our task might facilitate rudimentary
depth perception because in natural settings upwards gaze move-
ments are often associated with looking at distant objects whereas
downwards gaze movements are often associated with looking at
proximal objects.
It is evident that the result pattern for the saccade latencies
strongly resembles the result pattern for the saccade trajectories.
One possible explanation for this is that the effect found on trajec-
tory curvature completely depends on the effect found on saccadelatencies. Although this explanation has indeed some plausibility
given previous studies showing that curvature away increases with
time (McSorley, Haggard, & Walker, 2006; Van der Stigchel, 2010),
the analysis, in which we regressed trajectory curvature on distrac-
tor location and latency, suggests that in the present study the cur-
vature effect cannot be fully reduced to the latency effect. If the
curvature effect could be indeed fully explained by the latency ef-
fect, then the interaction of culture and distractor location found
on the curvature score should have been not signiﬁcant after the
inclusion of latency as an additional predictor. This was, however,
not the case. Another explanation for the highly similar result pat-
terns for saccade trajectories and saccade latencies is that both ef-
fects are driven by the same (inhibition) mechanism. In any given
case, the resemblance between the curvature results and the la-
tency results provide in our opinion additional support for the
hypothesis that the Chinese participants’ attention is captured by
task-irrelevant distractors to a greater extent than the German par-
ticipants’ attention. Saccade latencies have been repeatedly ob-
served to slow down in the presence of attention-capturing
distractor stimuli (e.g., Walker et al., 1997), indicating that in addi-
tion to saccade trajectories latencies are another measure of early
attentional processing.
Overall, the present ﬁndings are in line with previous studies
reporting modulation of saccade trajectories by higher-order fac-
tors (i.e., emotional connotation of distractor; Nummenmaa,
Hyönä, & Calvo, 2009; Petrova & Wentura, 2012; Schmidt, Belopol-
sky, & Theeuwes, 2012; Weaver, Lauwereyns, & Theeuwes, 2011).
However, our study extends the previous literature on saccade tra-
jectories as it demonstrates that saccade trajectories can be modu-
lated by the participants’ cultural background as well. Thus, the
present ﬁndings are in line with previous studies reporting cultural
differences in attentional processing (e.g., Chua, Boland, & Nisbett,
2005; Kitayama et al., 2003; Masuda & Nisbett, 2001, 2006;
McKone et al., 2010). In contrast to the culture literature, where
attentional processes were investigated by means of coarse-
grained measures such as manual reaction times, ﬁxation duration,
and number of ﬁxations, the present study demonstrates cross-
cultural differences in very early attentional processes as indicated
by saccade trajectories.
The present ﬁndings might seem inconsistent with previous
studies which failed to observe cross-cultural differences in the
oculomotor behaviour (Evans et al., 2009; Rayner, Castelhano, &
Yang, 2009; Rayner et al., 2007). There are however several differ-
ences between the present study and those studies, which make a
direct comparison of the results difﬁcult. First, the stimuli in those
studies were presented for much longer time than the stimuli in
the present study (3, 5, or 10 s vs. 1500 ms). This might have
encouraged participants in those studies to adopt strategies, which
might have increased the data noise. Second, the stimulus material
in those studies (i.e., natural scenes) was much more complex than
the stimulus material in the present study (i.e., simple geometrical
shapes). Thus, additional factors such as low-level perceptual fea-
tures and familiarity might account for the seeming discrepancy
between the present ﬁndings and the previous studies on eye
movements. Finally, the present study was restricted solely to
the very ﬁrst saccade that participants made after stimulus onset.
Thus, in contrast to the previous studies, which took into account
much later processes as indicated by the ﬁxation duration or the
number of ﬁxations, the present study focused exclusively on the
very early attentional processes.
To conclude, the present ﬁndings suggest that higher-level fac-
tors such as participants’ cultural background can affect very early
attentional mechanisms. It seems therefore reasonable to take par-
ticipants’ cultural background into account in future studies or at
least report this information in addition to other sample
characteristics.
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